Premature infants are at high risk of neurological dysfunction, yet clinical neurological evaluation is difficult in this population. Evoked potentials provide objective measures of CNS function, and can be an important adjunct to the clinical examination in preterm infants.
Evoked potentials are averaged electrical responses to sensory stimuli that can be recorded from peripheral and central aspects of the nervous system. Evoked potentials are obtained in response to repetitive stimuli (auditory, visual, or somatosensory), and are a non-invasive means of examining the functional integrity of the sensory pathways within the nervous system. Norms are mandatory as the evoked potentials change rapidly in the neonatal period, reflecting maturation of the nervous system. Abnormalities in latencies and amplitudes of the evoked potential waveforms reflect damage or dysfunction along these pathways. In this paper we review briefly the methodology for preterm evoked potentials, early developmental changes, and some emerging clinical applications.
Methodology and early development As numerous methodological details differ in recording evoked potentials in preterm neonates and in children or adults, methods for recording the various types of evoked potentials will be reviewed. There are considerable differences among norms from various laboratories as a result of such factors as bandpass and wave identification in the neonates. The difficulty is increased by the very rapid maturational changes in the evoked potentials over the preterm period. Thus it is important to establish norms for each laboratory, or carefully to follow the methods of the laboratory once they have been established. The nomenclature of the component waves of the various evoked potentials differ from laboratory to laboratory. An 'N' denotes a negative wave, followed by a number (for example, N20), occurring at 20 milliseconds (ms) after stimulus presentation. Similarly, 'P200' would denote a positive peak occurring at 200 ms. However, some laboratories only order the successive peaks (N1, P1, N2, etc), while others use the mean latency from the age group with which they are working. The exception is the BAEP, as virtually all laboratories use Roman numerals to denote the positive components.
BRAINSTEM AUDITORY EVOKED POTENTIALS (BAEPS)
The BAEP reflects conduction along the auditory brainstem pathway. Five component waves are routinely measured: waves I and II arise from the distal and rostral portions of the eighth nerve, respectively; wave III is from the pons and waves IV and V are from the midbrain. Broad band clicks are the only stimuli for which there are normative data for infants. Click intensity should be calibrated relative to normal hearing thresholds (nHL) for adults in the laboratories. The earphone should be held above the ear, because the weight of the earphone can collapse the ear canal in premature infants. A recognisable BAEP can be recorded in premature infants of 28-30 weeks in gestational age,I 2 with stimuli presented at high intensities and slow rates.
The BAEP amplitude is smaller than in full term neonates; the latencies of all the components decrease with increasing conceptional age.3 4 Wave V shows greater age related latency decreases than wave I; hence, the I-V interpeak latency (central conduction time) also decreases with age. In neonates wave I can be double peaked, wave II replaced by a prominent negativity after wave I, and waves III, IV, and V usually merged. Despite overall amplitudes being low, the wave I:V amplitude ratio can be high, and the relative amplitudes change during the preterm period.5
Latencies decrease rapidly in preterm infants6 7 and prematurity itself can affect the latencies. Yamamoto et a18 found noticeable decreases in the wave I latencies and in I-III interpeak latencies related to extrauterine rather than conceptual age. Collet et a19 suggested that smaller head size could account for the shorter BAEP interpeak latencies that they also found in preterm infants with longer extrauterine life, although this is unlikely to be the only explanation. (PTN) SEPs are considerably more difficult and time consuming to record.
Median nerve SEPs
Median nerve SEPs can be recorded in preterm neonates from 25 weeks gestational age on wards, using a low bandpass (1-100 HZ) and long sweep 200-300 ms, with either unilateral or bilateral stimulation.22-24 In preterm neonates under 30 weeks gestational age the N20 has a latency of over 70 ms,22 and decreases very rapidly over the premature period. Most studies, however, have included primarily infants older than 30 weeks gestational age.22 25 26 Differences between term and preterm infants tested at the same conceptual age have not been found22 27 28 apart from transitory latency increases in the first week of life.29 Birthweight, however, influences the SEPs; more mature waveforms (and shorter latencies) correlate with weight at birth.27 Several other authors have also reported waveform complexity increasing with increasing preterm age.25 30 However, Karniski et a126 in an extensive study, found that cortical components and scalp topography changed little, except in amplitude, over the preterm period. The component that they described as N2 (equivalent to the Ni or N20 in other studies) was very stable in topography; they also found an early N1, P2, and a later P2 in all the preterm infants (31-40 weeks gestational age) studied. The differences between this study and those that have found morphological changes with age may be due to recording parameters. That study was one of the few that has recorded in response to bilateral stimulation. 26 This may well produce a more stable cortical distribution, and as often in clinical practice, information regarding functional asymmetries is sought, unilateral stimulation is likely to be more frequently used. Nevertheless, this is an impressive study, and suggests that by 31 weeks of age, the orientation of the dipoles in the somotosensory cortex is mature; latency and amplitude changes reflect the ongoing myelination process.
Some authors have reported that 10-12% of premature infants may not have consistently recordable SEPs.2223 This has not been our experience. We have recently investigated the maturational patterns of the cortical SEP in the early preterm period (27- 48 These studies do not seem to be generally applicable, however, to preterm infants. 7 A recent study investigated the accuracy of VEPs in predicting neurodevelopmental outcome in preterm infants (Ekert P G, abstract presented at IEPS V, Milan, September 1994). VEPs were recorded in the first and second weeks of life, in 45 followed up to a mean age of 21 (4) The prognostic role of SEPs in preterm infants has also been investigated. Due to the pathophysiology of brain damage in preterm infants it is expected that the SEPs would be a better measure of the damage and more sensitive to long term sequelae than VEPs. The somatosensory afferent pathways pass through the periventricular region, which is most at risk of injury in the preterm brain -intraventricular haemorrhage (IVH) and periventricular leucomalacia (PVL). PVL is strongly associated with adverse neurological outcome in preterm infants. PVL is often heralded by early head ultrasound scan changes (periventricular echoes (PVE) which may or may not resolve, hence delaying the definitive diagnosis of PVL. Abnormal SEPs may be associated with developed PVL, or may predict the development of PVL.
Klimach and Cooke5l found a close relation between SEPs recorded close to term and outcome at 6-16 months: the head ultrasound scans and clinical picture were much less reliable prognostically. Infants with asymmetrical SEPs developed hemiplegia, which was not necessarily the case with infants with unilateral lesions. Bilateral SEP abnormalities always predicted neurological sequelae. However, in a larger series, de Vries et a152 studied primarily preterm infants with cystic PVL and found the SEPs recorded close to term were no more reliable than ultrasonography.
Consistently abnormal SEPs did not always predict sequelae, nor did normal SEPs guarantee normal outcome, although the specificity of SEPs was still 92%. This research also included repeat studies within the preterm period in a proportion of infants, and in the 19 with persistently abnormal SEPs only two were normal on outcome. Pierrat et al53 recorded SEPs in preterm infants with extensive cystic leucomalacia. They also found that the SEPs recorded at term were not useful measures, whereas those cases in whom they had recorded SEPs during the earlier preterm period were all abnormal, consistent with the outcomes. De Vries et al 52 suggested that there may be a role for SEPs in the assessment of preterm infants at risk of neurological sequelae, but that the studies would need to be repeated during the preterm period. This was the protocol of a recent study (Ekert PG, et al, paper submitted).
We recorded SEPs in the first and second weeks of life in 88 preterm infants (<32 weeks gestation) at a mean age of 6-5 days for the first study and 13-4 days for the second study (Ekert P G, submitted for publication). The mean (SD) weight was 948 (27) g and the mean gestational age was 27-5 weeks. Abnormal SEPs recorded early in life are influenced not only by maturational factors, such as gestational age and postnatal age, but also by periventricular haemorrhage or PVE. Intraventricular haemorrhage was associated with changes in the SEP. Grades I and II haemorrhages are associated with either normal SEPs or the loss of some late components. More clinically important haemorrhages, including those involving the periventricular white matter (grades III and IV) may be associated with the loss of early components as well. The association between abnormal SEPs and subsequent cystic PVL was significant (P<OO O14). Abnormal SEPs were also associated with PVE (P<OO O12); absent components were associated with PVE (P<O 004) but not with subsequent PVL (P<0 123). However, abnormal SEPs in the second week of life were strong independent predictors of cerebral palsy on follow up (P<0-025). The fact that the SEPs in the second week of life are more reliable predictors is consistent with the findings of Pierrat et al. 29 These data suggest that the SEPs are sensitive measures of perturbations in cerebral function in preterm infants, but probably because of the resilience ofpreterm brain, very early abnormalities may not necessarily predict longer term outcome; the SEPs recorded close to term are also not highly predictive. Thus, there may be only a relatively narrow window, definitely during the second week of life as seen in the above study (Ekert P G, submitted for publication), in which the SEPs should be recorded for predictive purposes in this population.
As sequelae more often affect the lower than upper limbs, the posterior tibial nerve (PTN) SEPs may prove more valuable predictors of outcome in premature infants. In a very recent study White and Cooke54 have shown that in fact PTN SEPs were accurate predictors of outcome at 3 years of age. The study included primarily preterm infants (median gestational age of 30 weeks), with the SEPs being recorded at the end of their hospital stay (at a mean of 37*5 weeks). There was a significant correlation between abnormal PTN SEPs and the subsequent presence of cerebral palsy. All infants but one with bilaterally normal SEPs had normal outcomes (24/25), and of those (n= 14) with bilaterally abnormal PTN SEPs, 12 had cerebral palsy and one global delay of infants with unilateral abnormalities (n= 9), five were normal on outcome. Thus, these data suggest that, in fact, PTN SEPs will be more valuable than any of the other evoked potentials in predicting neurological sequelae in preterm infants; the drawback is the tremendous time investment that is needed to perform these studies in this population.
APNOEA
A few studies have examined BAEPs in preterm infants, including some with apnoeic episodes.55 56 Henderson-Smart et al 57 studied exclusively apnoeic infants and found abnormal BAEPs in preterm infants with apnoea, and that when the apnoeas ceased, the BAEPs returned to within normal limits. They suggested that apnoea in preterm infants is related to neural function of the brainstem. However, the suggestion that the BAEPs can reflect immaturity of the brainstem pathways needs to be tempered with the result of other studies that have found the BAEPs to be too variable in the preterm period to be considered accurate measures of CNS maturity.7 58 Chen et a159 found that BAEP interpeak latencies decreased with aminophylline treatment in apnoeic infants, but that these decreases did not predict which preterm infants with apnoea responded to the treatment. Further study is needed on this question, given the number of these infants that suffer apnoeic episodes, and the lack of clear understanding as to the aetiology of preterm apnoea. Gallai et alt25 found no differences in SEPs between SGA and normal babies, both in preterm and term populations, although a more recent study found a proportion of SGA infants to have abnormal SEPs (de Vries L S, 1993; personal communication). These abnormalities were not associated with neurological sequelae in infants with normal head ultrasound scans, but in a smaller number with both abnormal head ultrasound and abnormal SEPs, cerebral palsy was seen. In the SGA babies growth retardation does not seem to affect the CNS routinely or uniformly, according to the evoked potentials, but as some authors have found abnormalities in the evoked potentials, not always associated with nervous system disorders, some caution needs to be exercised in interpreting studies in this population.
Conclusions
This paper has reviewed the techniques used for recording evoked potentials in the premature infant and the early developmental changes. The maturational changes in the evoked potentials, including morphological changes, and the very rapid latency changes within the first months of life, provide an invaluable means for assessing and monitoring development within the central nervous system. The maturational changes are such that normative values are requisite, and the norms must take into account both the infant's gestational age at birth as well as the posmatal age. These norms can then be used to aid in the assessment of gestational age, and whether there has or has not been normal maturational development, either in utero or during the postnatal preterm period.
Evoked potentials are of increasing value clinically in preterm neonates, primarily because of the difficulty in obtaining reliable neurological evaluation of these infants. Median nerve SEPs may provide reliable information in preterm infants at risk of PVL, and when recorded in the second week of life, predict cerebral palsy. PTN SEPs seem to be even more reliable indicators of outcome, but the difficulty in obtaining them in preterm infants needs to be taken into consideration. Further study is needed in some areas, such as in apnoeic preterm babies clearly to 
